The partitioning of acetylspiramycin was carried out in an aqueous two-phase system (ATPS) formed by a hydrophilic ionic liquid (1-butyl-3-methylimidazolium tetrafluoraborate, [Bmim]BF 4 ) and NaH 2 PO 4 . This ATPS is a simple, non-toxic and effective sample pretreatment technique, which was developed for the simultaneous separation, enrichment and rapid analysis of acetylspiramycin coupled with molecular fluorescence spectrophotometry. Analysis of the liquid-liquid equilibrium of [Bmim]BF 4 -salt ATPS demonstrated that the salting-out ability of different salts may be related to the Gibbs energy of hydration of the ions. The effects of types of salts, concentration of NaH 2 PO 4 , and temperature were analysed. Under optimum conditions, the average extraction efficiency and partition coefficient were 90.14% and 91.1, respectively. Thermodynamic functions provide some information about the molecular mechanism involved in acetylspiramycin transfer to the top phase, suggesting an important acetylspiramycin-[Bmim]BF 4 interaction. The method yielded a linear range in the concentration from 1.0 to 10.0 µg mL -1 of acetylspiramycin, and the limit of detection was 0.02 µg mL -1 . This method could be successfully applied for the analysis of acetylspiramycin in lake water, river water and groundwater. The proposed extraction technique appears to be suitable as a first step for the separation of macrolide antibiotics from real aqueous environments.
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Extraction of trace acetylspiramycin in real aqueous environments using aqueous two-phase system of ionic liquid 1-butyl-3-methylimidazolium tetrafluoroborate and phosphate [11] . However, most of the phase-forming polymers and surfactants have high viscosity, form opaque solutions, and sometimes interfere with the analysis of analytes. In recent years, ionic liquids (ILs) have been gaining great exposure due to their potential use as green solvents and as possible replacements for VOCs. A new type of ATPS, consisting of an IL and a salt solution, was first reported in 2003 by Rogers and co-workers [12] . The IL-salt ATPS (ILATPS) has many advantages, such as low viscosity, little emulsion formation, the absence of VOCs, quick phase separation, high extraction efficiency, and biocompatibility. Such an extraction system has been successfully used to extract testosterone [13] , epitestosterone [13] , opium alkaloids [14] , and bovine serum albumin [15] . It is reported that the ILATPS has also been applied to extract antibiotics such as penicillin G [16] , amoxicillin and ampicillin [17] .
In this work, Acetylspiramycin (ASPM) (Fig. 1a ) was selected as the target molecule. ASPM is known to be a potent macrolide antibiotic in vivo [18] . It is considered a medium-spectrum antibiotic and is highly active against a wide range of grampositive bacteria such as mycoplasma and Chlamydia [19] . Therefore, it has been widely used in the rearing of food-producing animals to prevent and treat diseases. Therapeutic activities on humans and animals can consequently lead to ASPM residues in aqueous environments which may have direct toxic effects on consumers [20] . In pharmacopoeias, bioassay and high performance liquid chromatographic (HPLC) methods are usually used for assay of ASPM and thin-layer chromatographic (TLC) methods for identification [21] . However, these methods are expensive and time-consuming. A simple and reliable pretreatment technique and analytical method is required to monitor ASPM residues in aqueous environments.
In this work, an ILATPS based on [Bmim]BF 4 ( Fig. 1b) and NaH 2 PO 4 was established to extract effectively and to determine the trace of ASPM via molecular fluorescence spectrophotometry. The phase equilibrium of ILATPS and factors affecting the extraction of ASPM were discussed in detail. Thermodynamic studies provided information about the temperature effect on the partition coefficient of ASPM. In this system, the protonation effect of ASPM also promoted ASPM into the [Bmim]BF 4 -rich phase. The protonation processes of similar systems have been studied by IRspectroscopy [22, 23] . Under optimum conditions, the method discussed in this work could be satisfactorily applied to extract and separate ASPM in actual water samples.
Experimental Procedure

Chemicals and samples
Standard drug sample of ASPM was obtained from the Chinese National Institute for the Control of Pharmaceutical and Biological Products (Beijing, China).
[Bmim]BF 4 was purchased from Chengjie Chemical Co., Ltd. (Shanghai, China) with a quoted purity of >0.99 mass fraction and was used without further purification. All chemicals were of analytical grade, and all solutions were prepared with deionized water. A stock solution of 50 µg mL -1 ASPM was prepared by dissolving the standard drug sample in deionized water as needed. Standard working solutions were prepared by dilution of stock standard solution with deionized water. These solutions were stored in a refrigerator at 4 o C. Three water samples were collected in 2.5×10 3 mL amber glass bottles from Yangzi River, Yudai Lake of Jiangsu University and groundwater of Dantu (located in Zhenjiang, China), respectively. All samples were filtered through 0.45 µm filter and refrigerated at 4 o C until analysis.
Apparatus
Fluorescence signals were measured with a Cary Eclipse luminescence spectrometer (Varian, USA) equipped with a xenon flash lamp and a computer. All working measurements took place in a standard 10 mm path-length quartz cell at 25±0. by thermostat), with 5 nm bandwidths for the emission and excitation monochromators.
A DC-2008 water thermostat (Shanghai Hengping Instrument Factory, China) was used for controlling temperature in the experiment.
An analytical balance (BS124S, Beijing Sartorius Instrument Co.) was used for weighing samples.
Phase Diagrams
A phase diagram is a binodial curve diagram in which the curve represents the borderline between the onephase and two-phase regions. Determination of the binodial curves was carried out by a turbidometric titration method [24] . Stock aqueous salt solutions were prepared with different mass fractions. A few grams of pure [Bmim]BF 4 were weighed into a test tube, and a known mass of water was added and then mixed. The mixture was clear at first; however, after a certain amount of the salt solution was added, one further drop made the mixture turbid, and two phases occurred. The mass of the mixture was noted, and the composition of the two-phase system was determined by the ratio of the weight of a component added to the total weight of all components added. Adding a few drops of water made the mixture clear again, and then the above procedure was repeated to obtain sufficient data for the construction of a phase diagram. The glass tubes were immersed in a jacketed glass vessel, and the temperature of the system was maintained at 298.15 K to within ±0.05 K by a water thermostat. The compositions of the mixture for each point on the binodial curve were calculated by mass using an analytical balance with an uncertainty of ±1.0×10 -7 kg.
General procedure
In a centrifuge tube (10.0 mL), the sample solution was prepared with stock solution of ASPM (1.0 mL), pure [Bmim]BF 4 (0.5 mL), and the appropriate amount of salt. The contents were diluted with water to a final total mass of 5 g. Low-speed centrifugation was employed after gentle mixing of the system components to speed up the phase separation. After the mixture was vortexed and stood for 10 min, the two phases were formed clearly.
The top phase (containing [Bmim]BF 4 and the ASPM mainly) was removed with a syringe completely into another 10.0-mL centrifuge tube. A suitable amount of sulfuric acid (75%) was added and then mixed uniformly (sensitive colour reaction of ASPM and 75% sulfuric acid). The solution was incubated at 25±0.5 o C for ~30 min and the fluorescence intensity of the solution was measured at 491 nm using an excitation wavelength of 455 nm. This color reaction can lead to the appearance of the ASPM, while the disappearance of the ionic liquid, which may eliminate the background interference (see Fig. 2 ).
The calibration curve was obtained by adding a series of known concentrations of ASPM to the blank solution (the top phase after phase separation without ASPM) followed by addition of a suitable amount of sulfuric acid (75%). After 30 min, the fluorescence intensity was measured by the method described above.
Determination of the partition parameters of ASPM
The partitioning of ASPM among the various phases was characterized by several parameters including the partition coefficient of ASPM, defined as :
where C t and C b are equilibrium concentrations of ASPM in the top and bottom phase, respectively. The extraction efficiency of ASPM was also calculated according to the given equation:
Where C t and V t are the concentration and volume of the top phase, respectively. m s is the amount of ASPM added.
The enthalpic change associated with ASPM partitioning in the ILATPS was calculated applying the known equation:
where is the free energy change. The entropic change ( ) was calculated from the equation: ( or NaCl) ILATPS. However, the enrichment factor would be small, which would lead to a low partition coefficient for ASPM. Fig. 3 shows that ILATPS can be formed by adding an appropriate amount of salts to an aqueous solution of [Bmim]BF 4 . As can be seen, the studied salts' ability to promote phase separation follows the order: Na 2 CO 3 > Na 2 SO 4 > NaH 2 PO 4 . The kosmotropic ions, CO 3 2-, SO 4 2-and H 2 PO 4 -exhibit stronger interactions with water molecules, which are beneficial to the ILATPS formation. The salting-out ability may also be related to the Gibbs energy of hydration of the ions. Considering the fact that these salts share a common cation but contain different anions, it is easy to see that the salting-out ability of the anions follows the order: CO 3 2-(ΔG hyd = -1315 kJ mol -1 ) > HPO 4 2-(ΔG hyd = -1125 kJ mol -1 ) [25, 26] . This order is consistent with the Hofmeister series for the strength of the kosmotropic salts.
Results and Discussion
[Bmim]BF 4 -salt ILATPS
The phase diagram for the [Bmim]BF 4 -salt ILATPS shows that the system is separated into two phases in the region above the binodial curve, while the system is a homogeneous phase below the binodial curve. The [Bmim]BF 4 -salt ILATPS at 298.15 K requires the amounts of both [Bmim]BF 4 and salt to exceed a particular threshold. From the results of experiment, the effect of NaH 2 PO 4 in extraction of ASPM in [Bmim] BF 4 -salt ILATPS was the most rational, so NaH 2 PO 4 was selected as a phase forming salt. In order to investigate the effect of concentration of NaH 2 PO 4 on the ILATPS formation and phase separation capability, various quantities of salt were added to a 5 mL 10% [Bmim]BF 4 solution at room temperature.
As illustrated in Fig. 4 , the further addition of NaH 2 PO 4 improved ILATPS formation and made phase separation easier. There is a slight increase of the top phase volume with the addition of NaH 2 PO 4 , resulting in the enrichment of ASPM and a minor decrease of the enrichment factor. When the amount of NaH 2 PO 4 was raised to 3.8 g, the top phase volume reached 0.5 mL and remained constant indicating that the salting-out ability of NaH 2 PO 4 has reached its maximum. 
Distribution of ASPM in the [
Effect of the amount of NaH 2 PO 4 on the partition coefficient
As mentioned previously, ASPM was concentrated into the top phase with a certain level of enrichment. We addressed the dependence of the partition coefficient of ASPM on the concentration of NaH 2 PO 4 between 17.8% and 28.3% (wt%). It was clear that the partition coefficient of ASPM increased sharply from 0.02 to 91.1, at which point it became invariant with increasing the concentration of NaH 2 PO 4 . As the salting-out effect of NaH 2 PO 4 reached its maximum, it was unable to further improve the partition coefficient of ASPM. Therefore, the concentration of NaH 2 PO 4 used in the [Bmim]BF 4 -NaH 2 PO 4 ILATPS was 28.3%.
Temperature effect on ASPM partition
Direct measurements of the heat involved in ASPM partitioning cannot be carried out, as it is impossible to develop this process in a calorimeter. However, analysis of the dependence of K on temperature may provide thermodynamic data for the partitioning process. Fig. 6 shows the effect of temperature on the partition coefficient expressed through Van't Hoff plots. A linear relationship is observed, suggesting the presence of only one temperature-dependent process. In this case, an increase in temperature yielded a decrease in the partition coefficient in favour of the [Bmim]BF 4 -rich phase. This may be the result of increased IL solubility and decreased phase-forming ability in the ILATPS at higher temperatures [27] . Thus, ASPM partitioning into the [Bmim]BF 4 -rich phase is promoted by lower temperatures, as represented by the higher partition coefficient. The thermodynamic value functions in Table 1 were calculated by applying Eqs. 4 and 5.
It is interesting to note that the entropic change for the ASPM partitioning process is positive, and is, therefore, the factor that drives partitioning from a thermodynamic point of view. Since these thermodynamic functions provide information about the molecular mechanism involved in ASPM transfer from the salt-rich bottom phase to the [Bmim]BF 4 -rich top phase, the great enthalpic change suggests the breaking of numerous intermolecular bonds (structured water in the ASPM domain and in the [Bmim]BF 4 ) when this transfer is carried out. This effect could be due to an Extraction of trace acetylspiramycin in real aqueous environments using aqueous two-phase system of ionic liquid 1-butyl- 
Method validation
The parameters, such as linearity, limit of detection and recovery of ASPM were determined from a spiked solution of analytes under the above optimum conditions. A series of known concentrations of ASPM were added to the top phase after phase separation for any sample not containing analyte. The concentration of ASPM with sulfuric acid was measured by molecular fluorescence spectrophotometry as described in Section 2.4. Results are listed in Table 2 .
Real water samples analysis
To demonstrate its wider applicability, the developed method was applied to the determination of ASPM content in real water samples. No contamination (ND) of ASPM residues at detectable levels was found in the water samples. The real water samples were filtered with a 0.45 µm filter and used directly for further experiments. The recoveries were determined from spiked 2-4 µg mL -1 ASPM. The recovery of ASPM was between 90.08 and 90.14% (see Table 3 ).
Effect of interfering substances
The assay was unaffected by the presence of excipients as shown by the excellent recoveries (90.08±1.7% to 90.14±1.2%) obtained when analyzing the studied ASPM in the presence of commonly encountered excipients under optimized conditions. Samples containing a fixed amount of the ASPM (5.0 µg mL -1 ) and variable concentrations of excipients were measured. The result showed that coexistent organic compounds, such as 1000x lactose, sucrose and starch, 500x glucose and fructose, and 200x magnesium stearare, did not induce significant interference in the examination. This fact indicates good selectivity of the method to determine the ASPM content of real water samples.
Comparison of ILATPS extraction to traditional solvent extraction
In order to further verify the accuracy of ASPM in real water samples separated by ILATPS, a traditional solvent was used to separate and concentrate ASPM in real water samples. These results were compared with those from the ILATPS method, and are summarized in Table 4 .
From Table 4 , it can be seen that the efficiencies of extraction of ASPM in real water samples by ILATPS are better than those obtained by traditional solvent extraction. In addition, the enrichment factor of ILATPS extraction is five times that of solvent extraction. Moreover, ILATPS is considered to be more environmentally friendly, as the bulk of both phases consist of water and no volatile organic solvents are necessary.
Conclusions
This study demonstrates that the ILATPS consisting of [Bmim]BF 4 and NaH 2 PO 4 is an excellent platform for extraction of ASPM rapidly from real water samples. This extraction technique can be employed in combination with molecular fluorescence spectrophotometry as a viable and timesaving method for the quantitative determination of ASPM content in aqueous environments. In this ILATPS, we observed that the ability of salts studied to phase separate follows the order Na 2 CO 3 > Na 2 SO 4 > NaH 2 PO 4 , which can be explained by Gibbs free energy of hydration of the anions. We applied thermodynamic value functions to show that the entropic change is the factor that drives ASPM partitioning from the thermodynamic point of view. The developed method proved to be highly efficient, fast, non-toxic and simple for the separation and enrichment of hydrophobic antibiotics in aqueous samples. This method may also be amenable to the concentration and separation of other small biomolecules in samples.
